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Editorial
We live in politically and scientifically eventful and interesting times. The umbrella term ‘omics’ is frequently used by scientists and physicians, and refers to the subjects of genomics (study of all human genes), proteomics (study of all human proteins) and metabolomics (study of all human metabolites). Watson and 
Crick provided the basis for these emerging scientific fields by deciphering the genetic code and by reproducing the molecular structure of DNA [1]. Jacob and Monod invented the biological principle of ‘DNA makes RNA makes protein’ which is still valid today [2]. Both research teams received the Nobel Prize for their achievements. Sickle cell anemia, which is caused by a genetic 
defect in the hemoglobin subunits, was one of the first diseases to be understood at the molecular level [3].
Figure 1: DNA helix (A: Adenine; T: Thymine; C: Cytosine; G: 
Guanine; Source: Microsoft Windows).
The Human Genome project was launched in the United States in 1990 and completed in 2006 at an estimated cost of 3 billion US dollars. The human genome consists of ca. 3 billion base pairs and ca. 20,000 genes which encode over 200,000 proteins. The total number of different human metabolites has not been determined accurately. Only ca. 1% of the human 
genome contains coding regions (exons), the remaining ca. 99% are non-coding regions (introns), the function of which is largely 
unknown. The latest development in the field of genetics is next generation sequencing (NGS), also called massive parallel 
sequencing. The workflow in NGS involves the following steps: 1. Extraction of DNA from a blood sample and fragmentation.
Ligation of DNA fragments with adaptors specific to sequencing platform. Attachment of DNA molecules to solid phase (e.g. 
glass slide) [4]. Amplification of DNA fragments with the polymerase chain reaction (PCR) [5]. Sequencing by synthesis 
using 4 fluorescently labelled nucleotides (Figure 1) [6]. Laser 
excitation and photographic capture of fluorescent nucleotides (base calling). With modern technology (e.g. Illumina or Ion Torrent), the entire genome of one patient can be sequenced in 1 day for 1000 US dollars [4]. In 2013, the Secretary of State for Health in the United Kingdom and Genomics England announced the 100,000 Genome Project. The objective of this nationwide study is the sequencing of 100,000 genomes from patients with rare diseases and cancers (and their relatives) treated by the National Health Service (NHS, 5). In parallel, Health Education England, a non-departmental public body, has rolled out a sponsored Master’s Programme in Genomics Medicine for NHS employees. This part-time course leading to a Master’s degree over 2 years is offered by 5 English universities (Birmingham, Exeter, London x 2, Newcastle). It includes 8 modules covering subjects such as omics technologies, pharmacogenomics, and genomics of infectious and rare disease, and cancer; and a small research project [6]. The objective of this programme is the introduction of NHS staff to the emerging techniques and applications of NGS which are likely become clinically relevant in future. Massive parallel sequencing is an essential part of P4 medicine (predictive, preventive, personalized and participatory). P4 medicine aims to timely diagnose illness with high accuracy and provide effective treatment tailored to the needs of the individual patient [7]. It remains to be seen whether these exciting new developments in medicine are affordable to the NHS and other health services abroad.
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